The gastrointestinal (GI) flora of cotton rats was examined. No lactobacilU were detected in any part of the GI tract. Anaerobes, including Peptococcaceae, Bacteroidaceae, bifidobacteria and eubacteria, were the predominant bacteria in the stomach, small intestine, caecum and faeces. Aerobes and facultative anaerobes, including Enterobacteriaceae and streptococci, were detected at low numbers and very low frequency of occurrence in all parts of the GI tract. Sixty-one isolates of bifidobacteria were recovered from the stomach, small intestine, caecum and faeces of cotton rats. They were identified as Bijidobacterium animalis, B. pseudolongum biovar a and b. The study showed that the GI flora of cotton rats seem to be very different from the GI flora in other rodents.
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Cotton rats (Sigmondon hispidus) belong to the subfamily Microtinae of the family Cricetidae and the suborder Myomorpha of the order Rodentia. Mice, rats and guineapigs belong to different families, hamsters and gerbils belong to a different subfamily.
In general, animals of the same species share a similar composition of the intestinal flora but have a flora differing from those of other species. This suggests that anatomical and physiological Received 29 July 1987; accepted 6 June 1988 conditions of the intestine control the intestinal flora. In addition, the intestinal flora profoundly influences certain physiological processes, many disease states, and the development of the immune response. We studied the gastrointestinal flora of cotton rats and discuss the differences of the gastrointestinal flora from that of other small laboratory animals. We also studied species or biovars of bifidobacteria isolated from cotton rats, because there is a strong relationship between Bifidobacterium species or biovars and their ecological distribution in humans and animals (Mitsuoka & Kaneuchi, 1977) .
Materials and methods

Animals
Cotton rats were raised under conventional conditions at the Laboratory Animal Center, Teikyo University School of Medicine. They were obtained from the Institute of Medical Science, University of Tokyo about 6 months before the beginning of this study. They originated from the University of Michigan, USA, and were taken to Japan in 1951. The colony was started in 1953 at the Institute of Medical Science. They were housed in plastic cages (270 x 426 x 200 mm) with wood shavings in animal quarters where no other animals were housed and were given commercial F-l food (water, 7'0070; proteins, 21'3%; fats, 5'6%; roughage, 3, 3%; mineral salts, 5 '7%; carbohydrates, 57' 1%) for mice and rats (Funabashi Animal Farm Co. Ltd, Funabashi, Japan) and tap water ad libitum. Male cotton rats, 8-10 weeks old, were used in this experiment. 
3'4±0-33 (9) 3-7±0'36 (9) Corynebacteria (0) 3'5:!:0'21 (2) 4-0:!:0-62 (9) 4":!:"05 (5) Bifidobacteria 6'7±0'63 (9) 7·9±0·91 (10) 9-4±0-30 (10) 9'7±0'17 (10) Eubacteria 5'8±0'34 (5) 7'6± 1·06 {I0) 9'1±0-54 (10) 9'0±0'55 (10) Bacteroidaceae 5·8± 1'50 (9) 7'6± 1'57 (10) 9'8±0-21 (10) 9'6±0'34 
Sampling
After cotton rats were killed with CO 2 gas, the stomach, small intestine, caecum and faeces were removed, weighed and then placed in grinding tubes containing anaerobic phosphate buffer solution. The tissues were homogenized with glass grinders under Orfree CO 2 gas by the methods described previously (Itoh & Mitsuoka, 1980) .
Bacterial culture techniques
Bacteriological procedures and media were essentially the same as the methods described previously (Hoh et al., 1984) . The media and culturing methods used are summarized in Table  I . Cotton rat faecal extract (10070 vol/vol) was added to MIO agar. Bifidobacteria were isolated and characterized as described by Mitsuoka (1969) . Bifidobacteria were isolated from BL and BS agar plates. All bifidobacteria isolate were characterized on the basis of colony form, Gram stain, morphology, acid production from carbohydrates and fermentation products.
Results
The flora of the stomach, small intestine, caecum and faeces is summarized in Table 2 .
The predominant bacteria in all parts of the gastrointestinal tract were anaerobes, including Peptococcaceae, bifidobacteria, eubacteria and Bacteroidaceae. No lactobacilli were isolated from any part of the gastrointestinal tract. Peptococcaceae were the predominant bacteria in the stomach and small intestine (10 8 -10 9 / g).
Bacteroidaceae and bifidobacteria were isolated from 9 out of 10 cotton rat stomachs (105-10 7 /g). In the small intestine, eubacteria and bacteroidaceae were isolated from all animals (l 0 7 _ lOS/g), but veillonellaceae were not detected. Aerobes and facultative anaerobes were only occasionally detected in the stomach and the small intestine. The caecal flora consisted predominantly of bifidobacteria, eubacteria, Bacteroidaceae, Peptococcaceae and fusiform-shaped bacteria. The number of veillonellaceae were low (lOs/g), but they were detected in all animals. Aerobes and facultative anaerobes, including enterobacteriaceae, Gram negative aerobic rods, streptococci, staphylococci, bacilli and corynebacteria were isolated from almost all animals at low levels. The faecal flora was similar to that of the caecum, but the numbers and the detection rate of fusiform-shaped bacteria were lower than in caecum. Table 3 shows the distribution of 61 Bijidobacterium isolates recovered from 5 animals.
!toh, Tamura & Mitsuoka
There were no differences in the species and biovars among the parts of the gastrointestinal tract. B. pseudolongum biovar a was the most frequently isolated.
Discussion
In general, animals of the same species except gnotobiotes have a common pattern of intestinal flora but patterns different from those of other species. The cotton rats used in this study have been maintained in conventional animal rooms as experimental animals for a long time. We have not studied the gastrointestinal flora of wild cotton rats. However, the composition of the gastrointestinal flora of the cotton rat used in this study is thought to reflect that of the cotton rat species. The gastrointestinal flora of wild mice was not different from that of the mice maintained in laboratory animal rooms for a long time (unpublished data).
The most notable aspect of the composition of the gastrointestinal flora of the cotton rat was the absence of Lactobacillus. It has been reported (Smith, 1965; Mitsuoka et al., 1973 ) that lactobacilli did not colonize the gastrointestinal tract of the rabbit, but in all laboratory rodents, so far studied lactobacilli have been commonly isolated. Mitsuoka and Kaneuchi (1977) divided the animal species into 4 groups according to the numbers of bifidobacteria and lactobacilli in their faeces. However, they did not describe animals harbouring bifidobacteria but no lactobacilli. In the caecum and faeces from cotton rats, bifidobacteria were detected in high numbers, similar to the numbers found in humans and monkeys (Mitsuoka & Kaneuchi, 1977) .
There are no reports on the strong relationship between species or biovars of anaerobic bacteria, except Bijidobacterium and Lactobacillus, and , 1977) . Interestingly, in the stomach and small intestine of cotton rats, anaerobes were the predominant bacteria. In the stomach and small intestine of mice, rats, hamsters and guineapigs, lactobacilli were the predominant bacteria and anaerobes were only rarely isolated (Smith, 1965) . Bacteroidaceae were detected in the stomach and small intestine of rabbits but in very low numbers (Smith, 1965) . In the stomach and small intestine of rats, Veillonellae, bifidobacteria and Bacteroidaceae were detected but in lower numbers than in cotton rats, and the predominant bacteria were lactobacilli and streptococci (Morishita & Miyaki, 1979) .
Fusiform shaped bacteria were isolated as one of the dominant bacterial groups in the caecum of cotton rats, which is similar to the findings in mice and rats (Lee, 1971; Morishita & Miyaki, 1979) , but the numbers and the detection rates of fusiform shaped bacteria in faeces were lower than those in mice and rats (Morishita & Miyaki, 1979; Itoh et al., 1983) . In cotton rats fusiform shaped bacteria might be associated more strongly with the mucosal layer than in mice and rats.
The numbers of Enterobacteriaceae and streptococci in the caecum and faeces of cotton rats were similar to those of mice, rats, hamsters and guineapigs (Smith, 1965; Mitsuoka & Kaneuchi, 1977) . The detection rates of Gram negative aerobic rods, bacilli and corynebacteria in the caecum and faeces of cotton rats were very high, although the numbers of the organisms were low compared with other rodents. Since these bacteria were isolated from conventional mice but not from SPF mice (Itoh et al., 1983) , these bacteria were thought to be contamination from the environment. Further studies are required to determine whether these bacteria are normal components of the caecal and faecal flora.
It appears from our study that the intestinal flora of cotton rats might be very different from that of other laboratory rodents. The relationship between the intestinal flora and the gastrointestinal physiology of cotton rats needs to be studied. Mitsuoka T (1969) 
